Rivaroxaban is an oral anticoagulant that is the first available orally active direct Factor Xa inhibitor. In this study, a UV spectrophotometric method was developed for the determination of rivaroxaban content in pharmaceutical formulations and the amount of rivaroxaban released in tablet dissolution studies. The dissolution profile of rivaroxaban was successfully determined with the validated method.
INTRODUCTION

I
n vitro testing of drug release from pharmaceutical dosage forms is a common step of routine quality control as well as an initial phase of the product development process. In vitro dissolution testing of oral dosage forms measures the dissolution rate of drug substance going from the solid state into solution per unit time under standardized conditions (1, 2) . Dissolution testing has emerged as a very important tool in the generic pharmaceutical industry. It is widely used in formulation development, in monitoring the manufacturing process, and as a quality control test. It can also be used to predict the in vivo performance of certain products (3) . In addition, dissolution testing provides valuable information on the physicochemical stability of the product (4, 5) . Since, the release rate of the drug is unknown and its amount in the analyzed samples may vary in an unpredictable manner, it is important to choose a method where these components do not interfere with the analysis of the active substance. UV spectrophotometry is widely used for the quantitative analysis of the active substances in dissolution test samples (6) (7) (8) . In this study, a UV spectrophotometric method was developed for the determination of the release of rivaroxaban (Figure 1) , a new anticoagulant, from a commercially available tablet dosage form (Xarelto 10-mg).
According to the literature (9, 10) , there are two different HPLC methods available for the determination of rivaroxaban in tablets. In the present study, a UV spectrophotometric method was developed to determine the rivaroxaban content in pharmaceutical formulations and the amount released from rivaroxaban tablets in dissolution studies. The suitability of the method was confirmed by a validation processes approved by ICH guidelines. The results show that the dissolution profile of rivaroxaban and the content of rivaroxaban in tablet dosage forms were successfully determined using this UV spectrophotometric method. To our knowledge, this method is the only reported UV spectrophotometric method for the quantification of rivaroxaban in pharmaceutical dosage forms and the determination of the released amount in dissolution medium.
EXPERIMENTAL
Instruments
All spectrophotometric measurements were carried out using an Agilent 8453 model UV-vis spectrophotometer (190-1100 nm) equipped with a diode array detector (DAD). The UV spectra of reference and sample solutions were recorded in 1-cm quartz cells. The detector was set at 248 nm.
Chemicals
All chemicals used for the preparation of stock solutions and dissolution media were of analytical grade. Standard rivaroxaban was supplied by Refik Saydam National Public Health Agency. Water obtained from a Milli-Q water system (Barnstead, USA) was used for the preparation of dissolution media. Commercially available rivaroxaban tablets (Xarelto 10-mg) were provided by Bayer Turk.
Dissolution Studies
Dissolution studies on the rivaroxaban (Xarelto 10-mg) tablets were conducted using USP Apparatus 2 (paddle method) with six replicates at 37 ± 0.5 °C (Sotax, Switzerland). A pH 4.5 acetate buffer containing 0.4% of sodium dodecyl sulfate (SDS) was the dissolution medium (900 mL), and the the paddle rotation speed was 50 rpm. In all experiments, 2-mL sample aliquots were withdrawn at predetermined time intervals (0, 5, 10, 15, 20, 30, 40, 50, and 60 min) and replaced with an equal volume of *Corresponding author. e-mail: saltinoz@hacettepe.edu.tr fresh medium to maintain a constant total volume. After the filtration of the dissolution samples using 0.44-µm membrane filters, the concentrations of rivaroxaban were determined simultaneously by the proposed spectrophotometric method.
Calibration Standards
A stock standard solution of rivaroxaban (1000 µg/mL) was prepared by dissolving 25 mg of compound in 25 mL of an acetonitrile (ACN)/water (50:50 v/v) mixture. Calibration standards (1.0, 2.0, 5.0, 10.0, 20.0, 30.0, and 50.0 µg/ mL) were prepared daily from the stock standard solution by appropriate dilution using dissolution buffer.
Tablet Solutions
Ten tablets were weighed to determine the mean weight and finely powdered in a mortar. An amount of powdered mass equivalent to one tablet weight was accurately weighed and transferred to a 100-mL volumetric flask. Fifty milliliters of ACN/water (50:50 v/v) was added, and the mixture was sonicated for 15 min to ensure complete extraction of drug. The flask was then brought to volume. An aliquot was filtered through a 0.45-µm membrane filter. The final tablet solutions were further diluted with ACN/water (50:50 v/v) to a concentration of 10 µg/mL of rivaroxaban.
RESULTS AND DISCUSSION
UV spectrophotometry has widespread usage in drug analysis because of its capability for rapid analysis with good repeatability. The key point in applying UV spectrophotometry to drug analysis is ensuring that matrix components do not interfere with the active ingredient signal. The dissolution studies of rivaroxaban tablets were performed using pH 4.5 acetate buffer containing 0.4% of sodium dodecyl sulfate (SDS) as the dissolution medium. Therefore, all calibration standards ( Figure 2 ) and tablet samples were prepared using the dissolution medium.
The samples obtained from content uniformity and dissolution studies were analyzed at 248 nm; there was no interference from matrix components. The method was validated (11-13) to demonstrate precision and accuracy. The absorbance values of calibration standards at 248 nm were plotted against the corresponding concentrations to obtain the calibration curve. Linearity and sensitivity of the method are shown in Table 1 . To demonstrate the precision and accuracy of the method, intra-and interday studies were performed, and the results were evaluated statistically ( Table 2 ). The results show that the precision and accuracy of the method meet the acceptance criteria.
The accuracy of the method was also investigated through recovery studies. The standard addition technique was applied; a known amount of standard rivaroxaban solution was added to tablet solutions at 5.0, 10.0, and 20.0 µg/mL, and these solutions were then analyzed. The slope of the standard addition curve (0.0568 ± 0.0012, n = 6) was identical to the curve of calibration standards at the selected wavelength. Figure 3 presents the spectra of standard, tablet, and blank (dissolution medium) solutions. The spectra show that the absorbance of tablet and standard solutions having the same concentration of rivaroxaban is identical at 248 nm; there is no absorbance by the dissolution medium at this wavelength. This observation confirms that there is no interference from matrix components at 248 nm. 
y = (a ± SE) x + (b ± SE) where y is peak area, x is concentration as µg/mL, and SE is standard error.
Determination of the rivaroxaban content in film-coated tablets (Xarelto 10-mg) was achieved by analyzing six tablet solutions prepared as described in the experimental section. The results of the assay (n = 6) yielded 10.24 ± 0.14 mg (mean ± SE) rivaroxaban corresponding to 102.38% (RSD = 3.35) of the labeled claim. The sample recoveries in the formulation were in good agreement with the respective label claim, which suggests no interference associated with the formulation excipients in the analysis. In addition, the RSD values in the tablet analysis were less than 1% indicating a high degree of precision of the proposed method.
In Vitro Dissolution Studies
The average percentage of drug released within 60 min as determined by the proposed spectrophotometric method after in vitro dissolution of tablets is depicted in Figure 4 . Within 15 min, 78% of rivaroxaban was released. The dissolution profile complies with the FDA guidance (14) , indicating suitability of the proposed method for the dissolution testing of rivaroxaban (15) .
CONCLUSIONS
The proposed method is rapid, accurate, precise, and sensitive for the quantification of rivaroxaban from tablet dosage forms. The method relies on the use of a simple procedure with results comparable to those achieved by sophisticated and expensive techniques such as HPLC. Hence, this method can be routinely employed in the quality control analysis and dissolution studies of rivaroxaban in tablets. 
